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ABSTRACT

T

he low cost technologies applied to wastewater
treatment or re-use are also used for irrigation
in Hungary. Here the most frequent 'technologies'
are the irrigation of poplar plantations, and/or the agricultural irrigation (also sludge disposal) and the irrigation
of constructed wetlands (mainly that of root zone
systems).
lants operated using the above technologies
were selected and studied at several places in
Hungary. The two main aspects during these
surveys were the efficiency of wastewater treatment (with special regards to the nutrient removal) and
the effect of wastewater treatment on the quality of
the soil, and surface and ground waters. The results
show that wastewater treatment efficiency (especially
in case of nitrogen and phosphorus) was effective
for the irrigation of poplar vegetation. When considering
the protection of the environment, the constructed
wetland is the only technology where the soil and the
ground water cannot be polluted.
hough the general statements of this study are
based on national surveys, it has to be noted that
the amount of available data was rather limited
and several important parameters were not measured
at many places, therefore the 'average' values calculated from them might not be accurate.

P

T

I R R I G ATE D CONSTR UCTED WETLANDS
Constructed wetlands are the most recent type of
natural wastewater treatment systems used in Hungary.
After the success of some experiments in the 80s, some
small reed beds were put into operation in the beginning
of the 90s. All of these constructed wetlands (in
Tóalmás, Salgótarján, Boldog, Szépalmapuszta) belong
to the subsurface type, and their water flow is vertical
except one with horizontal flow (in Kacorlak). Their
capacity varies from 10-200 m3/day, treating municipal
wastewater of a power plant, a youth hostel, a hotel and
small settlements.

Free surface wetlands (FSW) have not spread in
Hungary: there is only one plant (in Szügy), where an
FSW wetland is used as a polishing step. Generally the
constructed wetlands in Hungary are small scale systems
serving a few hundred people, and receive only communal
sewage.
The evaluation of wetlands is based on six sites. One
of them contains two parallel units, with two separate
effluents (Tóalmás). For three of the six wetlands
(Boldog, Kacorlak, Salgótarján) the only data are for the
raw sewage before settling is available, and in all other
cases about the settled wastewater (Tóalmás,
Szépalmapuszta, Szügy). Since the constructed wetlands
are rather new systems in Hungary, measurements are
seldom taken, limiting the number of data-series to 14. Thus long term variation and temperature dependence
were impossible to study. Instead, seasonal variation was
assessed in two of the systems, where sufficient data was
available.

S U M M A RY OF OP ERATI ON OF WET LANDS
The average removal of CODCr is between 3.6 and 99%
with an average of 71%, and that of TSS fluctuates between
-221 and +98%; on average it is 57%. The removal
efficiency of both of them is lower than expected, but
provides satisfactory effluent quality most of the time.
Seasonal variation can not be seen in any of them, but
efficiency shows improvement as the influent concentration increases.
Nutrient removal is a generally weak point of
wetlands. This is also valid for the Hungarian wetlands.
The Hungarian wetlands remove 57% of ammonia on
average, which seems to be acceptable; however, the
effluent concentrations are very high (23 mg/l NH4-N),
exceeding the limits. The effluent quality does not vary
with the seasons, but follows more the influent quality,
except at one plant.
TN data were gained only from three wetlands
(Salgótarján, Szépalmapuszta, Szügy). The influent
concentration of total nitrogen varies between 13.6
and 182 mg/l, with an average of 75 mg/l. The removal
efficiency averages at around 17% and also results in
very high (52 mg/l) effluent concentrations.
The same low capacity can be seen re g a rd i n g
phosphorus removal, being 26% for TP, and 18.4% for
PO4-P. These low values may be a result of the fact that
these systems are still in the initial period, but also can
be the result of operational failures. Removal efficiency
shows seasonal variation. It is considerably better in
summer (around 80%) than in winter (around 40% and
sometimes 0%).
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The performance data of the Hungarian wetlands can
be seen in Appendix 1.

I R R I G ATION OF POPLA R P LANTAT I O N
Of the irrigation technologies, the poplar plantation irrigation has been applied the most widely and for the
longest time. Based on available experience gained so
far in Hungary, two natural systems for effluent treatment, disposal and/or re-use have been developed with
capacities ranging from 40-10,000 m3/day during the
last 30 years:
•

The poplar disposal system, where, after primary pretreatment and short term temporary storage, the
effluent is disposed of throughout the year on a timber
tree (cellulose poplar) plantation;

•

The combined disposal and utilisation system,
where, after a primary (and/or secondary) treatment
and short term temporary storage, one part of the
effluent is spread on arable fields cultivated with perennial and annual crops, while the other part is distributed on a timber tree plantation.

GYU LA POPLA R IRR IGATION SYS TEM
The first experiments with irrigation of poplar forests
started more than 35 years ago. The first plant of this
type was built in 1969 in Gyula, where the summer is
rather arid, receiving municipal sewage of the town (50%)
mixed with food industry wastewater (50%). Because
of the sewage of the food industry, the original mechanical treatment (sedimentation) is completed by biological
(trickling filter) treatment.
The pre-treated wastewater is collected in a storage
basin from which it is pumped through an underground pipeline directly into the furrow-system of the
poplar plantation, all year round, on a rotation basis. The
wastewater is loaded daily into the 200 m long, 60 cm
wide (bottom-width) and 60 cm deep distribution
canals, which supply the infiltration ditches by gravitation.
These ditches are 8 m apart and border two rows of poplars

4-5 m apart. Between those poplar rows where there is
no infiltration ditch a drainage system has been built in
at 1.7 m deep in order to stabilise the groundwater level
at the necessary depth, to increase the loading capacity,
to prevent pollution of groundwater and to collect the
effluent, the soil-filtered water. The effluent collected
by the drainage system flows into a canal. The planted
tree types are Populus euramericana and Populus
robustia.
Considering the meteorological, soil and irrigation
water quality conditions, 1600 mm/year water flooding
is optimal at this plant. Between 1970 and 1980 this value
was 1183 mm/year, and in the last five years of this period
it was 1525 mm/year. Between 1980 and 1987 the
flooding was a little bit more than 1600 mm/year;
however since 1987 it has been around 2000 mm/year,
more than the optimal loading. (See Appendix 2).
The quality of the irrigation water does not meet the
requirements of the standard in the case of chlorine (125237 mg/l), total phosphorus (8.6-48 mg/l), salinity
(800-1000 mg/l) and sodium (above 45%).
The treatment efficiency of the plant is very good in
the case of organic material (COD-removal is between
71-88%, BOD-removal is between 79-93%) and nutrient
(total N-removal between 27-84% and total P-removal
between 55-83%). The removal of potassium is satisfactory (14-76%). However the removal of calcium,
chlorine and sodium does not occur, with the concentrations being higher in the effluent (in the drainage water)
than in the influent (pre-treated water used for irrigation) (See Appendix 3).
According to calculations, about two-thirds of the
irrigated water flows away under the soil surface.
Consequently, the level of ground water increased
during the first few years. To prevent harmful increase,
a drainage system was built at 1.7 m depth to remove
surplus water. The ground water level around the irrigation plant varies between 1.30-3.31 m. However it is almost
always less than 1 m in most of the 20 monitoring
wells around the plant, with the rest of the wells having
water levels around 1.5 or 2 m.

APPENDIX 1.
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The ground water quality varies in different parts of
the area: therefore the evaluation is based on the quality
in a ‘general’ area not too close to the storage basin. The
ground water already has very high salinity and sodium
concentrations, and can therefore mix with the wastewater, increasing its salinity and sodium concentration,
as the quality of the drainage water proves.
Regarding the effect of wastewater irrigation on
ground water quality, the highest concentrations have
been measured in the monitoring wells which are the closest
to the storage basin. This shows that the basin has a bigger
polluting effect than the irrigation itself. Also the
ground water levels are the highest in these wells. All
these mean that the isolation of the storage basin is not
perfect.
From among the analysed components the salinity
and sodium content of the ground water is relatively high.
However it is due not to the irrigation (though these
concentrations are high in the irrigation water) but
the ground water, which itself has high concentrations.
That is why the salinity and sodium content of the
effluent is higher than that of the irrigation water.
In addition to the above components, the concentration
of ammonia is higher than the limit value in the
Hungarian Standard, the concentration of some PAHcompounds and total PCB are higher than the limit values
of the Dutch Standard (no limit values in the Hungarian
Standard yet), and the concentration of the mineral oil
is five times higher than the limit value of the Hungarian
Standard.
The possible contamination of the soil cannot be
detected, because there are no available soil quality data
from the time of the start of the operation. According
to expert opinions at that time the total salinity in the
upper layers of the soil was satisfactory with regards to
irrigation.
Another problem in evaluating soil quality is that the
soil at the area is very heterogeneous. Since no data-series
of sampling from different part of the area taken at the
same time are available and the ground water quality varies
in the different parts of the area, it can be assumed that
the soil quality also varies. However it was possible to
base the evaluation on the existing data series. According
to these data the soil has neutral or slightly alkaline pH
value, that is optimal for the soil and nitrifying bacteria.
The total nitrogen content is high while the mineral nitrogen
concentration is low. The reason for this is most probably
the quality of the irrigation water. The majority of
changeable cations were calcium, the rest magnesium.
The sodium content shows the process of slow alkalisation. Though the concentration of heavy metals
generally increases, none of them exceeds the limit
values of the standards. Some of the PAH-compounds
(benzo(b+k)fluoranthene, benzo(e)pyrene, indeno()pyrene)
have higher concentrations than permitted by the
standards, while the content of all the other analysed
organic pollutants is less than the limit value. The soil
toxicity test was totally negative.
In the case of surface waters, the nitrogen, phosphorus
and organic material (BOD, COD) are usually the
most important. In this regard the treatment efficiency
of the plant is very high, varying between 94-98%. The
NO3-N concentration is the only one that is higher in the
effluent than in the irrigation water. Yet even this value
is less than the limit value given in the drinking water
standard.
However, as already mentioned, the calcium, magnesium, chloride, sodium, total salinity and harmful
salinity content of the effluent is higher than that of the
irrigation water due to the mixing of the ground and irriga-

A P P E N D I X 2. AV E R A G E A N N U A L WAT E R L O A D
O F T H E G Y U L A P O P L A R I R R I G AT I O N P L A N T

tion water. The bacterial pollution is very high in the pretreated wastewater, while it is 2-4 times less in the
effluent.
Though the area is considered to be unfavourable to
poplar plantation due to the nutrients and organic
material supplied with the wastewater, the poplar trees
developed much better than expected, as if the trees had
been planted in the best quality soil. Over 6 years the
tree-production increased from 21.4 m3/ha to 126
m3/ha. Tree quality examinations have proved that the
quality of the trees did not decrease due to the irrigation. Yet the tree-health examinations have shown that
the Populus euramericana is less sensitive to the fungal
infections; therefore planting and irrigation by wastewater has been suggested for both tree production and
forest protection.

CONCLUSIONS
Based on very limited data and information, the
constructed wetland seems to be useful in Hungary if
a low cost technology is required but nutrient removal
is not essential. However, only a very few versions of these
technologies were constructed in Hungary. Other types
should be constructed at least at an experimental level
and should be matched to Hungarian circumstances.
The poplar irrigation seems to be a very good
solution for both wastewater treatment with effective
nutrient removal and tree production. However, care must
be taken to isolate the storage basin to prevent soil and
ground water pollution, while the drainage system has
to be made in such a way that mixing of groundwater
and irrigation water can be avoided.
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